ABSTRACT FALANGHE, H. (University of Sao Paulo, Sao Paulo, Brazil). Production of mushroom mycelium as a protein and fat source in submerged culture in medium of vinasse. Appl. Microbiol. 10:572-576. 1962.-Of ten mushroom cultures investigated, only Agaricus campestris, Boletus indecisus, and Tricholoma nudum were capable of growing in submerged culture in medium of vinasse with added salts. Higher fermentative efficiencies were found under these conditions than in medium containing molasses or waste sulfite liquor. A. campestris showed a better capacity to produce protein but, since B. indecisus is capable of developing greater mycelium weight, its fermentative efficiencies are comparable. Both microorganisms could be grown in medium of vinasse with greatly varied amounts, producing higher mycelial weight in media with greater vinasse. The capacity of B. indecisus and A. campestris to utilize the noncarbohydrate fraction in total solids, instead of the total carbohydrates when they are in smaller amount, was observed in medium containing vinasse. B. indecisus and A. campestris were easily separated by filtration from the medium, although T. nudum was difficult to separate by this procedure. In experiments with A. campestris, the adaptative capacity of the organism to vinasse was demonstrated.
Production of the mushroom Agaricus campestris in submerged culture was investigated for the first time in 1948 and showed possibility for application in the manufacture of several mushroom foods (Humfeld, 1948) . The essential nutritional requirements of this microorganism were found to be comparatively simple (Humfeld and Sigihara, 1949) and they were later studied extensively (Humfeld and Sugihara, 1952) . Interest in this subject led to a study of the possibility of growing different strains of A. campestris in several natural substrates (Humfeld, 1951) , and a process was reported for the growth of this organism in citrus press water in Florida (Szuecs, 1950) .
Later, several mushrooms were tested for their ability to grow in submerged culture (Humfeld and Sugihara, 1954) ; and the developmental capacity, the protein content, and the fat content of the mycelium of ten mushrooms grown ' Present address: Northern Utilization Research and 1)evelopment Laboratory, U.S. Department of Agriculture, Peoria, Ill. in molasses and waste sulfite li(luor were compared (Reusser, Spencer, and Salans, 1958a) Mushroom mycelium was found to have approximately the same nutritive value as fodder yeast, when grown either in waste products of the citrus industry (Block et al., 1953) or in molasses and waste sulfite liquor (Reusser, Spencer, and Salans, 1958b) . Eddy (1958) also concluded that higher fungi grown in submerged culture were capable of producing materials with good nutritive value, and Cirillo (1960) suggested mushroom mycelium, produced in waste sulfite liquor, as a protein supplement for human food or as an animal feed.
The disposal of vinasse, the waste product from the distillation of fermented sugar cane juice in the "aguardente" (regional brandy) industries and of molasses in the alcohol industries, is an important industrial problem, previously studied by Almeida (1952) , who suggested its use as efficient fertilizer for poor soils.
The purpose of this work was to investigate the suitability of vinasse as a substrate for the production of mushrooms in submerged culture as a source of protein and fat.
MIATERIALS AND 1\IETHODS
This work was done with ten mushroom cultures: M1orchella All the inocula were produced by the transference of mycelial bits from the agar slants to 250-ml Erlenmeyer flasks containing 40 ml of a 5 %( malt-extract broth. The inoculum was grown for 10 days resting at 22 C in the dark. After its development, the mycelium was washed with sterile distilled water and transferred to 250-ml glassstoppered Erlenmeyer flasks containing glass beads. Sterile distilled water (40 ml) was added asceptically to the flasks, and the mycelium was broken up by strong GROWTH OF MIUSHROONIS IN SUBAIERGED CULTURE shaking (Reusser et al., 1958a The vinasse used in this work was obtained from the "aguardente" Pilot Plant of the Instituto Zimotecnico.
Total carbohydrates in the medium were determined colorimetrically by the anthrone method (MIorris, 1948) , and reducing sugars were colorimetrically determined with the alkaline copper reagent of Somogyi (1945) and the arsenomolybdate reagent of Nelson (1944 (Tables 1 and 2 ), consuming the same percentage of total solids, is being studied in this laboratory.
The higher efficiencies together with the greater mycelium weight per 100 g of total carbohydrates obtained in media with 1 liter of vinasse diluted to 1.2, 1.5, and 1.8 liters (Table 5) , when compared with undiluted vinasse (medium 1 in Table 4 ), show that media with diluted vinasse are more favorable for rapid growth of the microorganism. Because of this faster growth in diluted media (Table 5) , autolysis is also greater; and this may account for the decreasing mycelial weight per 100 g of total carbohydrates, the decreasing protein content, and the increasing percentages of total solids determined in the diluted media.
The results in Table 6 show the effect of varying the amounts of ammonium sulfate, magnesium sulfate, and monopotassium phosphate in medium containing vinasse on the development of A. campestris. Very little or no improvement in the mycelial weight or in the protein content was found by varying the amount of monopotassium phosphate and magnesium sulfate. However, raising the ammonium sulfate from 2 to 4 g per liter of medium, led to an increase in the weight of the mycelium and a greater protein content. No improvement could be detected when the amount of ammonium sulfate was further raised from 4 to 6 g per liter of medium.
The growth of an A. campestris (L) Fr. CBS mutant culture (Falanghe and Bobbio, 1962) 
